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SEMICONDUCTOR INTEGRATED dRCUIT 
DEVICE COMPRISING SYNCHRONOUS 

DRAM CORE AND LOGIC CIRCUIT 
INTEGRATED INTO A SINGLE CHIP AND 
METHOD OF TESTING THE 
SYNCHRONOUS DRAM CORE 

FIELD OF THE INVENTION 

The present invention relates to a semiconductoa- inte- 
grated circuit device comprising a synchronous dynamic 
random access memory (SDRAM) core and a logic circuit 
which are integrated in a single chip. In particular, the 
present invention relates to a semiconductor integrated cir- 
cuit device implementing a high-speed interface between an 
SDRAM core and a logic circuit thereof and a semiconduc- 
tor integrated circuit device allowing the SDRAM core to be 
directly tested from external pins as a stand-alone unit The 
present invention further relates to a method of testing flie 
device. 

BACKGROUND ART 

In recent years, the technology of semiconductor inte- 
grated circuits has undergone a revolution aiming at higher 
integration and higher speeds. This technology is applied to 
manufacturing of semiconductor products including semi- 
conductor memory devices, such as DRAMs, and semicon- 
ductor logic circuit devices, such as microprocessors. 
Therefore, the technology is positioned for extension to 
optimized manufacturing of semiconductor devices. Since 
different manufacturing technologies are embraced for the 
manufacture of each type of semiconductor device, there are 
naturally a number of problems encountered in fabricating a 
semiconductor memory device and a semiconductor logic 
circuit device on a single semiconductor chip. Under the 
situation, it is necessary to focus energy on how to resolve 
new jHToblems for devices on a single chip which are not 
solved by merely extending the conventional technolc^. 
Rather focus must be on universal problems for higher 
integration and higher speeds. Therefore, the puipose of the 
present invention is to provide a high speed semiconductor 
integrated circuit device which con^nises a semiconductor 
memory device and a semiconductor logic circuit device 
integrated in a single chip. 

FIG. 12 is a block diagram of a first example of a typical 
conventional semiconductor integrated circuit device com- 
prising an SDRAM core and a logic circuit which are 
integrated in a single chip. As shown in flie figure, external 
input pins 101. which are connected to a logic circuit 102, 
forward etternal control signals to an SDRAM unit The 
logic circuit 102 is connected to an SDRAM controller 103 
which is connected to a general-purpose SDRAM core 104. 
An external clock input pin 105. one of the external input 
pins 101. supplies an external clock signal to a clock 
generating means 106 for feeding an internal clock signal 
107 to the logic circuit 102. the SDRAM controller 103 and 
the general-purpose SDRAM core 104. 

The clock generating means 106 is used for generating the 
internal clock signal 107 synchronized with the external 
clock signal. The dock generating means 106 may include 
a sinqjie buffer, a frequency multiplier, or a frequency 
divider. Since the clock generating means 106 employed in 
the semiconductor integrated circuit device is a conventional 
circuit its explanation is omitted. 

The SDRAM core 104 has the same interface as a 
general-purpose stand-alone SDRAM. To put it in detail, 
signals such as a row address strobe signal 108 (referred to 



hereafter as a /RAS signal), a column address strobe signal 
109 (referred to hereafter as a /CAS signal) and a write 
enable signal 110 (referred to hereafter as a WE signal) are 
decoded by a command decoder, and then decoded signals 
5 are input in synchronization with the rising edge of the 
internal clock signal 107 as a command for controlling fee 
operation of the SDRAM core 104. 

The SDRAM core 104 receives the /RAS signal 108. the 
/CAS signal 109. the /WE signal 110, an address Ul and a 
10 data input 112 from, the SDRAM controller 103. In response 
to the /RAS signal 108, tiie /CAS signal 109. and the address 
111. the SDRAM core 104 generates a data ou^ut 113 
supplied to the SDRAM controller 103. 

Examples of commands output by the command decoder 
as a result of decoding the /RAS s^nal 108. the /CAS s^nal 
109 and the /WE signal 110 are listed in the following table. 



In the case of a general-purpose stand-alone SDRAM 
unit the number of external pins is limited. Thus, a tedi- 
nique for decoding sudi external control signals is adopted. 
In this way. detailed commands, such as Bank Activate 

^ (ACT) 114. Prediarge (PRQ 115. Write U6, Read 117. and 
Refresh ^REF) 118 can be given using a small number of 
sudi external signals. 

Mernal control signals, that is, the Bank Activate (ACT) 
command 114, the Precharge (PRQ command 115, the 
Write command 116, flje Read command 117. and the 
Refresh (REF) command 118, output by the command 
decoder are eadi supplied to an input syndironizing latch. 
The internal syndironiiing latch receives an internal control 

^ signal in synchronization with the internal clock signal 107. 
In a tuning generation circuit an internal operation signal 
required for the operation of the SDRAM core is generated 
from the signal latched ia the input synchronizing latch, 
suf^lying the internal (^eration signal to a memory array. 

45 Read-out data output from the memory array in response to 
the internal operation signal is supplied to an output control 
circuit 

Data is supplied to the SDRAM core 104 in a write 
operation and is to be ou^ut later in a read operation as a 

30 data output 113 from the ou^ut control circuit in synchro- 
nization with the internal clock signal 107. The data ou^ut 
113 is supplied to the SDRAM controller 103. 

FIGS. 13(A)-13(K) comprise a dining chart showing the 
operation of the typical conventional semiconductor inte- 

55 grated circuit device shown in FIG. 12. While receiving 
inputs from the logic circuit 102, the SDRAM controller 103 
generates the /RAS s^nal 108, the /CAS signal 109, the /WE 
signal 110. an address 111. and a data input 112 syndiro- 
nized with the internal clock signal 107. When these syn- 

60 cturonized signals are produced, a delay time t(control) is 
generated in flie propagation of eadi of the signals through 
the SDRAM controller 103. Then, when a synchronized 
signal is decoded by the command decoder inside the 
SDRAM core 104, a delay time t(dec) is fiirther generated. 

65 As a result there is a total delay time (t(control>(-t(dec)) 
between the generation of the signals synchronized with the 
rising edge of the internal clock signal 107 and the genera- 
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tion of the Bank Activate (ACT) command 114, the Pre- t(cIock) of the internal clock signal 107 must satisfy the 

charge (CRC) command 115. tiie Write conmiand 116, the following relation: 
Read command 117. and the Refresh (REF) command 118. 

Therefore. In order to enable the SDRAM core 1(M to j t{cioek)>t(control>(-t(sel>fi(dec>tt(set-up) (2) 

recognize the commands correctly. Ae pen^ It is obvious from the above relation that the timing 

mternalclocksignall07mustsatisfythefoUowingrelation: condition for the second typical conventional sL^LS 

inte^ated circuit device is more severe than for the circuit 

t(ciock)>t(controiHt(decMset.up) (i) sho^ffB in FIG. 12. Thus. the conventional SDRAMs 
, . , , , . xo described above have some problems, as follows, 

(wh^e t(set-up) denotes a set-up tmie.) (a) in the first place, the conventional SDRAMs can not 

In recent years, however, the operating frequency of Iceep up with operations at higher operating frequencies at 

SDRAMs has been increased to around 160 MHz. which which SDRAMs produced in recent years operate. The delay 

corresponds to a period t(clock) of about 6 ns. In order to time of the decoder circuit described above is about 1 ns. At 
preserve a sufficient set-up time t (set-up) and to implement X5 an operating frequency of about 160 MHz. fee clock period 

a stable operation, it is therefore necessary to minimise the is about 6 ns. As a result, the delay time of the decoder 

total delay time (t(control)-k(dec)). circuit is a hindrance to an effort to increase the operating 

FIG. 14 is a block diagram showing a second eaiaaple of frequency of the SDRAM, 

a typical conventional semiconductor integrated circuit 0>) In Ihe second place, an input buffer for signals 
device comprising an SDRAM core and a logic circuit 20 generated in flie logic circuit as weU as an SDRAM test 

which are integrated in a single chip. In a semiconductor circuit and a selector which are not naturally used in a 

integrated drcuit device con:mrising a memory core of normal operation but required for testing are provided, 

mainly an SDRAM and a logic circuit device integrated in causing delay in the propagation of the RAS. CAS, and WE 

a single chip, a circuit configuration is generally adopted s^nals and others and resulting in differences in delay times 

which allows the memory core to be tested through external 25 among these signals. The delay time and the differences in 

pins as a stand-alone unit delay times are also a hindrance to speed improvement and 

The semiconductor integrated circuit device shown in ^^^^ operation of the SDRAM. 

FIG. 14 is different from tiiat shown in FIG. 12 in that the SUMMARY OF THE INVENTrON 

former external test pins normally including a normal/test ™. . • 

switch pin 119. a test RAS pin 120, a test CAS pin 121 a test ^ J^^ ff^T addresses the problems described 

WE pin 122, test address pins 123. test data input pins 124. ^ "^^^^ ^I^'' ^5^^^°* invention to provide 

and test data outout pins 125 a semiconductor mtegrated circuit device which comprises 

ti. ^ -XL - . „ ^ . ^ SDRAM and a logic circuit integrated in a single chin, 
tesfrlTSST^f aZiJ? ■''fi5f l^f'Jf "^^g '^'^^ SDrA technology^ a base, thafcan be 

test CAS «gn^ 128, a test WE signal 129. a test address 35 accessed at a high speed. It is another object of tiie present 

signa^ 130. a test data input signal 131 and a test data output invention to fuSher provide a method for testing such a 

f^Ai'^"T^^u Tl'^n^'%''^u'^^^^Z'^' 3e^eonductor integrated circuit device easfly. ^ 
test /RAS pin 120, the test /CAS pin 121, the test /WE pin A^^r.^/i;„« ^Z. *a /• 
122. the test address pins 123, the test daU input pins 124, ..^"SfA.^ltT^ > -^^'^"^ a 
and the test data output pins 113 respectively semiconductor mtegrated circuit device comprises a logic 
nnT JTo - . , . „ icapci-uvciy. ^ circuit and a synchronous dynamic random access memory 
The /RAS Signal 108. the/CAS signal 109, the /WE signal including a core unit, and the logic circuit and the synchro- 
110. an address 111. and a data input 112 are suppUed to the nous dynamic random access memory are integrated into a 
SDRAM core 104 by way of a two-to-one selector to which single semiconductor chip. The device comprises a synchro- 
the normalAest switch signal 126 is fed as a select signal. In nous dynamic random access memory control circuit receiv- 
detail. tiie two-to-one selector selects either a normal RAS 45 ing external control signals for the synchronous dynamic 
signal 132. a normal CAS signal 133. a nomaal WE signal random access memory from the logic ckcuit, and ouq)uts 
134. a normal address signal 135. and a normal data input s^nals to fee core unit of the synchronous dynamic random 
136 suppUed by the SDRAM controUer 103 or the test RAS access memory. The outout signals from the synchronous 
signal 127. the test CAS signal 128. the test WE signal 129. dynamic random access memory control circuit are internal 
the test address signal 130. and the test data input signal 131 50 control signals for controlling the core unit of tiie synchro- 
received from the test RAS pin 120. flie test CAS pin 121. nous dynamic random access memory, 
fee test WE pin 122. flie test address pins 123. and the test another aspect of fee present invention, tiie semicon- 
data input pms 124. repectively, m accordance with fee ductor integrated circuit device further comprises external 
normalAest^itch signal 126 supplied from the normal/test input terminals for receiving and outputting internal control 
r.!!' qCa^ =5 ''ig"^^ ^he synchronous dynamic random access 
by feeSDRAM controller 103areselected.Whentestingfee memory. A selector is provided f^ supplying internal con- 
memory core as a smd-alone umt. on toe ofeer hand, toe trol signals to fee core unit of fee syncLonous dynamic 
test signals supplied from fee external test pins are selected. random access memory. The internal control signals are 
FIGS. 15(A>-15(Q) conpnse a tuning chart showing fee obtained by selecting eifeer first signals received from fee 
operation of fee second typical conventional semiconductor 60 external test input terminals or second signals received from 
integrated circuit device shown in PIG. 14 in a normal fee synchronous dynamic random access memory control 
operation. The operation of feis conventional semiconductor circuit. The selector has a first mode for selecting toe first 
integrated circuit device is diGferent from fee operation s^nals received from fee external test terminals, testing fee 
shown in FIGS. 13(A)-13(IQ in feat, in a normal operation. semiconductor integrated circuit device direcdy. using fee 
a delay time t(sel) caused by fee two-to-one selector is 65 first signals. Furfeer. fee selector has a second mode for 
further generated. Therefore, in order to enable toe SDRAM selecting second signals received from the synchronous 
core 104 to recognize fee commands correctly, fee period dynamic random access memory control circuit. 
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In another aspect of the present invention, the semicon- 
ductor integrated circuit device further con^Jiises external 
input terminal means for receiving and outputting internal 
control signals for the synchronous dynamic random access 
memory. A synchronizing means is provided for receiving 
the internal control signals from the external input terminal 
means and outputting internal control signals synchronized 
with clock signals. A select means is provided for supplying 
internal control signals to the core unit of the synchronous 
dynamic random access memory. The internal control sig- 
nals are obtained by selecting either first signals received 
from the synchronizing means or second signals received 
from the synchronous dynamic random access memory 
control circuit. Further, the select means has a first mode for 
selecting the first signals received from flie synchronizing 
means and a second mode for selecting second signals 
received from the synchronous dynamic random access 
memory control circuit. 

In another aspect of the present invention, ttie semicon- 
ductor integrated circuit device further comprises external 
input terminal means for receiving and ou^utting external 
control signals for the synchronous dynamic random access 
memory. A command decoder is provided for decoding the 
external control signals received from the external input 



memory. A synchronizing means is provided for receiving 
the internal control signals from the command decoder and 
outputting internal control signals synchronized with clock 
signals. A select means is provided for supplying internal 
5 confrol signals to the core unit of the synchronous dynamic 
random access memory the internal control signals being 
obtained by selecting either first signals received from the 
synchronizing means or second signals received from the 
synchronous dynamic random access memory control cir- 
cult. Further, the select means has a first mode for selecting 
the first signals received from tiie synchronizing means and 
a second mode for selecting the second signals received 
from the synchronous dynamic random access memory 
confrol circuit. 

Other features and advantages of the invention will be 
apparent from the following description taken in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a semiconductor 
20 integrated drcuit device comprising an SDRAM core and a 
semiconductor logic circuit device which are integrated as in 
a single chip according to a first embodiment of the present 
invention. 



FIG. 2 conq)rise a timing chart showing the operation of 
terminal means into internal control signals for controlling 35 the semiconductor integrated circuit device provided by the 
tiie core unit of the synchronous dynamic random access first embodiment of tiie present invention as shown in FIG. 
memory. A select means is provided for supplying internal 1. 

control signals to the core unit of ttie synchronous dynamic FIG. 3 is a block diagram showing a semiconductor 
random access memory. The internal control signals are integrated cfrcuit device according to a second embodiment 
obtained by selecting either first signals received from the 30 of the present invention. 

command decoder or second signals received from the fig. 4 comprise is a timing chart showing the operation 
synchronous dynamic random access memory control dr- of the semiconductor integrated circuit device of FEG. 3. 
ouit Further, flie select means has a first mode for selectmg FIG. 5 is a block diagram showing a semiconductor 

the first si^ak received from the command decoder a ^^^^^ ^^^^ device a^ording to a third embodiment of 
second mode for selectmg the second signals received from 35 the Resent invention. ooim n or 

the synchronous dynamic random access memory confrol ,4-, ^ . t, , j. • . . ^ 

f^ci^t. 6 IS a block diagram showing a senuconductor 

integrated circuit device according to a fourth embodiment 
of the present invention. 
FIG. 7 comprise a timing chart showing the operation of 
^ the semiconductor integrated circuit device provided by 
FIG. 6. 

FIG. 8 is a block diagram showing a semiconductor 
integrated circuit device according to a fifth embodiment of 
the present invention. 
' FIG. 9 conq)rise is a timing chart showing the operation 
of the semiconductor integrated ciraiit device of FIG. 8. 

FIG. 10 is a block diagram showing a semiconductor 
integrated drcuit device according to a sixth embodiment of 



la another aspect of the present invention, the semicon- 
ductor integrated circuit device further conyarises external 
input terminal means for receiving and ou^utting external , 
control signals for the synchronous dynamic random access 
memory. A synchronizing means is provided for receiving 
the external control signals from the external input terminal 
means and outputting external confrol signals synchronized 
with clock signals. A command decoder for decoding flie / 
external confrol signals received from the synchronizing 
means into internal control signals for controlling the core 
unit of the synchronous dynamic random access memory. A 
select means is provided for supplying internal control 



signals to the core unit of the synchronous dynamic random so the present invention. 



FIG. 11 comprise is a timing diart showing the operation 
of toe semiconductor integrated cfrcuit device of FIG. 10. 

FIG. 12 is a block di^am of a first example of a typical 
conventional semiconductor integrated circuit device corn- 
Further, flie select means has a first mode for selectmg the 55 prising an SDRAM core and a logic cfrcuit integrated in a 
first signals received from the command decoder and a single chip. 

FIG. 13 con^rlse a timing chart showing the operation of 
the first typical conventional semiconductor integrated dr- 
cuit device shown in FIG. 12. 
In another aspect of the present invention, the semicon- 60 FIG. 14 is a blodc diagram showing a second example of 
ductor integrated cfrcuit device further comprises external a typical conventional semiconductor integrated cfrcuit 
input terminal means for receiving and ou^utting external device comprising an SDRAM core and a logic drcuit 
control signals for the synchronous dynamic random access which integrated in a single diip. 

memory. A command decoder is provided for decoding &e FIG. 15 (AHQ) comprise a timing chart showing flie 
external control signals received from the external input 65 operation of the second typical conventional semiconductor 
terminal means into internal control signals for controlling integrated circuit device shown in FIG. 14 in a normal 
the core unit of the synchronous dynamic random access operation. 



access memory. The internal control signals are obtained by 
selecting either first signals received from the command 
decoder or second signals recdved from the synduronc 
dynamic random access memory control cfrcuit. 



second mode for selecting the second signals received from 
the synchronous dynamic random access memory control 
drcuit 
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DETAILED DESCRIPTION OF PREFERRED Comparison of the relation (3) with the relation (1) 

EMBODIMENTS indicates that it is possible to implement a high-speed 

The present invention wiU become more apparent from iaterface with the SDRAM CORE 104. 

the following detailed description with reference to the As described above, according to the semiconductor inte- 

figures. in which same reference numerals denote the same 5 grated circuit device provided by the first embodiment, fte 

or corresponding parts. delay time caused by the command decoder en^iloyed in the 

First Embodiment SDRAM core can be eliminated, providing a semiconductor 

A first embodiment of the present invention is explained inte^ated circuit device having stable operation at high 

by referring to FIGS. 1 and 2. speed. 

HG. 1 is a block diagram showing a semiconductor lo Second Embodiment 

integrated circuit device comprising an SDRAM core and a ^ second embodiment of the present invention is 

semiconductor logic circuit device integrated in a single chip described by referring to FIGS. 3 and 4. 

accordii^ to a first embodiment of the present invention. . ^ ^ a block diagram showing a semiconductor 

Reference numerals 101 and 102 are external pins and a integrated circuit device according to a second embodiment 

logic circuit, respectively. Reference numeral 103 denotes present invention. Reference numeral 210 shown in 

an SDRAM controUer and reference numeral 104 is an ^Sure designates external test pins which include a test 

SDRAM core. Reference numerals 105 and 106 denote an ^ll a test PRC pin 212. a test Write pin 213. a test 

external clock input pin and a dock generating means Read pm 214, a test REF pm 215. test address pin 216. a test 

respectively. Reference numeral lff7 is an intemal clock '^^ "^P"* ^17, and a test data output pin 218. The 

signal generated by the clock generating means 106 and ,„ external test pins 210 receive test signals. Reference numeral 

reference numeral 114 denotes an ACT signal Reference 241 is a two-to-one selector for selecting one of two groups 

numerals 115 and 116 are a PRC signal and a Write signal ""P^^ ^^S"^" °"*P"* signals in accordance with a 

respectively. Reference numeral 117 denotes a Read signal '^'^^''^ ^^S"^ °^ inP"ts are control 

and reference numeral 118 is a REF signal. Reference signals output by the SDRAM controller 103 while the other 

numerals 111 and 112 denote an address input signal and a „ ^^P^ "^P^^ '^st signals suppUed from the 

data input signal, respectively. Reference nmneral 113 is a external test pins 210. The control signal used by the 

data output signal output by the SDRAM core 104 and two-to-one selector 241 is a signal that can be output by the 

reference numeral 244 denotes a memoiy array. Reference circuit The rest of the configuration is the same as 

numeral 242 is an input synchronizing latch for latdiing embodiment 

signals suppUed to the SDRAM core 104, and reference . ^ second embodmient is different from the conven- 

numeial 243 denotes a timing generating circuit for gener- tional seimconductor mtegrated circuit device shown in FIG. 

ating intemal operation signals to be suppUed to the memory ^ of the general-purpose SDRAM 

array 244. FinaUy, reference numeral 245 is an output controner 103 are not the external control signals, Le.. a 

control circuit for synchronizing an output of the memoiy "^imal CAS signal 132. a normal RAS signal 133. and a 

array 244 with the clock signal 107 and supplyingthe ou^ut „ ^ sign^l34, but are the internal control signals, 

to the SDRAM controller 103. • * ^^rr signal 201, a normal PRC signal 202, a 

Signals input by way of the ext«nal pins 101 are supplied Write signal 203^ normal Read signal 204 and a 

to the memory array 244 through the logic circuit 102. the "^"^ ^ ^^^^ 205. The second embodiment is further 

SDRAM controUer 103, the input synchronizing latch 242 different in that the two-to-one selector 241 is provided. The 

and the timing generating circuit 243 in which the signals ^ reference numa-al 206 shows a normal address signal, and 

undergo a variety of conversion processes. The semicon- reference numeral 207 shows a normal data input signal. As 

ductor integrated circuit device provided by the present ^ *^^y ^« *=^"S"^ command decoder 

invention is different from the conventional device shown in en^loyed in the SDRAM core 104 in the conventional 

HG. 12 in that the former is improved over the latter as ^^'^^'^^ ebmmated. 

evidenced by the fact that the output signals of the SDRAM ^^S. 4(A)-4(L) comprise a timing chart showing the 

controller 103 are not external control signals such as /RAS operation of the semiconductor integrated circuit device 

108. /CAS 109 and AVE 110 for accessing the general- provided by the second embodmient of the present invention 

purpose SDRAM, but are intemal control signals such as 3. The normal ACT signal 201. the normal 

ACT 114. PRC 115, Write 116. Read 117 and REF 118. As ^^"^ ^02, the normal Write s^nal 203. the normal 

aresult the delay time causedby the conventional command ^ R^^** «^g°.^ """^f^^^P signal 2(« are 

decoder employed in the conventional SDRAM core is generated in the SDRAM connroUer 103 synchronized with 

eliminated. nsmg edge of the internal clock signal 107. and appear- 

FIGS. 2(A)-2(H) comprise a timing chart showing the «*^^y ^ t(control) has lapsed. foUowing the 

operation of the semiconductor integrated circuit device ^'^^ °^ ^^''^ "^"^^ '^"^ Since these 

provided by the first embodiment of the present invention as „ ^^S^ P^^^ ^^^'"g*' two-toone selector 

shown in FIG. 1. The intemal control signals ACT 114. PRC ^41. however, another delay time t(sel) is added before the 

115. Write 116, Read 117 and REF 118 are generated in the P^™fL ^^^".^^ ^* synchronizing 

SDRAM controller 103. synchronized with the rising edge 1^*** ^42 employed m the SDRAM core 104. 

of the internal clock signal 107, appearing after the delay ^ ^he input synchronizing latch 242 employed in the 

time t(conttol) has lapsed. foUowing the rising edge of the ^ SDRAM core 104 receives the mtemal control signals 

intemal clock signal 107 directly (from the two-to-one selector 241 without the need 

Since the internal coiitrol signals ACT 114. PRC 115, signals to go through a command detector). As a 

Write U6, Read 117. and REF 118 are latched directly in the P^°«^ *<CUK) of the internal clock signal 107 

input synchronizing latch 242 inside the SDRAM core 104. needs only to satisfy the following relation: 

the period t(CLK) of the intemal clock signal 107 must now ^5 t(CLK)>t(control>i-t(sei)+t(set-up) (4) 

merely satisfy the foUowing relation: Comparison of the relation (4) with the relation (2) 

t(CLK>t(coiiiiol>ft(set-up) (3) indicates that it is possible to implement a high-speed 
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interface with the SDRAM core 104. In addition, the 
SDRAM core 104 can be tested as a stand-alone unit directly 
from the external test pins in a state that cannot exist in 
normal operation. 

The two-to-one selector 241 selects the output of the 5 
SDRAM controller 103 or the external test signals supplied 
by way of the external test pins 210 when the nonnal/test 
switch signal 126 is set at an "H" level or reset at an "L" 
level respectively. The two-to-one selector 241 may also be 
designed to select one of its inputs supplied at the "H" and lo 
"L" logic, conversely to what is described above. 

As described above, the external test pins 210 are separate 
from the external pins 101, pins dedicated for solely testing 
purposes. However, that flie external test pins 210 can be 
connected to the logic circuit 102 and used in a normal 15 
operation if there is no need to use the external test pins 210 
for testing. Further, other external pins not shown in flie 
figure may also be used as external test pins. 

Furfeer. it is not necessary to output the normal/test switch 
signal 126 from ttie logic circuit As indicated in the descrip- 20 
tion of the conventional technology, the noimalAest switch 
signal 126 can also be obtained directly from one of the 
external test pins. 

In addition to the effects exhibited by the first embodi- 
ment described earlier, tiie semiconductor integrated circuit 25 
device and the test method provided by the second 
embodiment, achieve the following effect The internal 
control signals are directly supplied to the SDRAM core 
from a source outside the semiconductor integrated circuit 
device as test signals so the SDRAM core can be tested in 30 
a wider range of timing conditions. 
Third Embodiment 

Next, a third embodiment of the present invention is 
explained by referring to FIG. 5. FIG. 5 is a block diagram 
showing a semiconductor integrated circuit device accord- 35 
ing to a third embodiment of the present invention. 

The third embodiment is different from the second 
embodiment shown in FIG. 3 in that the configuration of the 
external test pins 210 is modified and in that a command 
decoder 240 Is added. 40 

In a normal operation indicated by the normal/test switch 
signal 126 set at the "H" level, the ou^t of the SDRAM 
controller 103 is selected. The normal operation is the same 
as the operation illustrated by the timing chart for the second 
embodiment, FIGS. 4(A)^(L). Thus, the third embodiment 45 
provides a high-speed interface with the SDRAM core 104 
in normal operation as is the case with the second embodi- 
ment shown in FIG. 3. 

As shown in FIG. 5. in the third embodiment, the external 
test pins 210 comprise a test RAS pin 231, a test CAS pin 50 
232. and a test WE pin 233. In addition, fee command 
decoder 240 is provided to decode external control s^als, 
supplied flirough the external test pins, into internal control 
signals. 

As a result the same interface as a gena-al-puipose 55 
stand-alone SDRAM can be brought to such external pins. 

In such a configuration, the testing environment of the 
SDRAM core 104 as a stand-alone unit can be shared with 
the general-purpose stand-alone SDRAM, for example, the 
test equipment and the test program can be shared. In 60 
addition, the SDRAM core 104 can be tested directly from 
the external pins. 
Fourth Embodiment 

Next a fourth embodiment of tiie present invention is 
explained by referring to FIGS. 6 and 7. 65 

FIG. 6 is a block diagram showing a semiconductor 
integrated circuit device according to a fourfli embodiment 
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of the present invention. In comparison with the second 
embodiment shown in FIG. 3. the fourth embodiment is 
provided with an input synchronizing latch 251. Internal 
control signals supplied throu^ a test ACT pin 211, a test 
PRC pin 212. a test Write pin 213. a test Read pin 214, a test 
REF pin 215. a test address pin 216. and a test data input pin 
217 of the external test pins 210 are latched into the input 
synchronizing latch 251 for synchronization with fee inter- 
nal dock signal 107. 

FIGS. 7(A)-7(R) conqjrise a timing chart showing the 
operation of the semiconductor integrated circuit device 
according to the fourth embodiment of present invention 
shown in FIG. 6. 

In comparison wife fee second and third embodiments 
explained so far, fee fourfe embodiment is effective when 
fee pulse widttis of test signals supplied to fee external test 
pins 210 from equipment such as a tester, are narrower than 
fee period t{CLK) of fee internal clock signal 107. In detail, 
test s^nals having respective pulse widths narrower than fee 
"H" pulse of the internal dock signal 107 are supplied to fee 
test ACT pin 211. fee test PRC pin 212, fee test Write pin 
213, fee test Read pin 214, fee test REF pin 215, fee test 
address pins 216. and fee test data input pins 217. By 
latdiing fee test signals in fee input synchronizing latdi 251 
in synchronization wife fee internal clock signal 107. 
however, it is possible to generate a test ACT signal 221, a 
test PRC signal 222. a test Write signal 223. a test Read 
signal 224, a test REF signal 225, a test address signal 226, 
and a test data input signal 227 having respective pulse 
widfes about equal to fee period t(CLIQ of fee internal dock 
signal 107. 

As a result, in fee configuration of fee fourfe embodiment 
even if fee pulse widths of test signals supplied to fee 
external test pins 210 from equipment such as a tester are 
shorter than fee period t(CLK) of fee internal clock s^al 
107, fee test signals input from fee external test pins 210 are 
inmiedttately latched into fee input syndironizing latdi 251 
and converted into test signals having longer pulse widfe, 
allowing a stable SDRAM stand-alone test to be conducted. 
Thereafter, fee test signals are supplied to fee ii^ut syn- 
chronizing latch 242 in fee SDRAM core 104 by way of fee 
two-to-one sdector 241. In such a configuration, since feere 
is no any effect on signal pafes in normal operation, high- 
speed operation of an interface wife fee SDRAM core 104 
is not lost 

Since a test signal from an external test pin is synchro- 
nized wife fee'internal clock signal 107 when fee test signal 
is input fee operation of fee SDRAM core 104 is delayed by 
one period t(CLK) of fee internal clock signal 107. By 
writing a test program for fee test equipment to generate a 
test signal t(CLK), of fee internal dock signal 107 one 
period, earlier, however, fee test can be conducted wifeout 
any delay. 

As described above, fee semiconductor integrated circuit 
device and fee test mefeod provided by fee fourfe embodi- 
ment exhibit a new effect in addition to fee effects of fee 
third embodiment That is to say. in fee case of fee fourfe 
embodiment, even if fee pulse widfes of test signals supplied 
to fee external test pins 210 from equipment such as a tester 
are shorter fean fee period t(CLK) of fee internal clock 
signal 107, fee test signals input from fee external test pins 
210 are immediately latched into fee input synchronizing 
latdi 251 and converted into test s^nals having longer pulse 
widfes. allowing a stable SDRAM stand-alone test to be 
conducted. 
Fifth Embodiment 

Next a fifth embodiment of fee present invention is 
explained by referring to FIGS. 8 and 9. 
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FIG. 8 is a block diagram showing a semiconductor one period t(CLK) of the internal clock signal 107. By 
integrated circuit device according to the fifth embodiment writing a test program for the test equipment to generate a 
of the present invention. As shown in FIG. 8. the fifth test signal one period. t(CLK). of the internal clock signal 
embodiment is different from the third embodiment shown 107 earlier, however, a test can be conducted without 
in FIG. 5 in that external control signals for testing supplied 5 causing any problems. 

by way of the test RAS pin 231. the test CAS pin 232. the As described above, the semiconductor integrated circuit 

test WE pin 233. the test address pins 216. and the test data device and the test method provided by tiie fifth embodiment 

input pins 217 of the external test pins 210 are latched, in exhibit a new effect in addition to the effects explained in the 

synchronization with the internal clock signal 107, into an description of the fourth embodiment. That is to say. in the 
input synchronizing latch 251 located in front of a command lo case of flie fifth embodiment, even if flie pulse widths of test 

decoder 240. signals supplied to the external test pins 210 from equipment 

FIGS. 9(A)-9(T) comprise a timing chart showing the such as a tester are shorter than the period t(CLK) of the 

operation of the semiconductor integrated circuit device internal clock signal 107. the test signals input from the 

according to the fifth embodiment of present invention external test pins 210 are immediately latched in the input 

shown in FIG. 8. 15 synchronizing latch 251 and converted into test signals 

Much like the fourth embodiment, the fifth embodiment is having respective, loiter pulse widths, allowing a stable 

effective when the pulse widths of test signals supplied to flie SDRAM stand-alone test to be conducted, 

external test pins 210 from equipment such as a tester are Sixth Embodiment 

nairower than the period t(CLK) of the Internal clock signal Next, a sixth emix)diment of the present invention is 

107. In detail, when the test signals have respective pulse 20 explained by referring to FIGS. 10 and 11. 

widths narrower than the "H" pulse of the internal dock FIG. 10 is a block diagram showing a semiconductor 

signal 107 are supplied to the test RAS pin 231, the test CAS integrated circuit device according to the sixth embodiment 

pin 232, the test "WE pin 233. the test address pins 216 and of the present invention. As shown in FIG. 10, the sixth 

the test data input pins 217. By latching the test signals in the embodiment is diflferent from the Ihird embodiment shown 

input synchronizing latch 251 in syndironization with the 25 in FIG. 5 in that external control signals for testing, supplied 

internal clock signal 107. however, it is possible to generate by way of the test RAS pin 231. the test CAS pin 232, flie 

a test RAS signal 261, a test CAS signal 26Z a test WE test WE pin 233. the test address pins 216. and die test data 

signal 263, a test address signal 226, and a test data input input pins 217 of the external test pins 210. are decoded into 

signal 227 having respective pulse widths about equal to ttie internal control signals by a command decoder 240, and the 

period t(CLK) of the internal dock signal 107. 30 decoded signals are latched in synchronization with fee 

As a result in of the fifth embodiment even if the pulse internal clock signal 107 in an input synchronizing latdi 251 

widths of test signals supplied to the external test pins 210 located after the command decoder 240. 

from equipment such as a tester are narrower than the period FIGS. 11(A)-11(U) comprise a timing chart showing flie 

t(CLIQ of the internal clock signal 107. the test signals input operation of the semiconductor integrated circuit device 

from the external test pins 210 are immediately latdied in 35 according to the sixth embodiment of present invention 

the input synchronizing latdi 251 and converted into test shown in FIG. 10. 

signals having longer pulse widths, allowing a stable Much like the fourth and fibfth embodiments, the sixth 

SDRAM stand-alone test to be conducted. embodiment is effective when tiie pulse widths of test 

TTie stable test RAS signal 261. the stable test CAS signal signals supplied to the external test pins 210 from 

262, the stable test WE signal 263, and the stable test address 40 equipment such as a tester, are nairower than the period 

signal 226 are then supplied to the command decoder 240. t(CLK) of the internal clock signal 107. In detail, l»st signals 

Receiving the synchronized test signals, the command having respective pulse widths nairower flian the "H" pulse 

decoder 240 outputs atestACT signal 221, a test PRC signal of the internal clock signal 107 are supplied to the test RAS 

222, a test Write signal 223. a test Read signal 224. a test pin 231. the test CAS pin 232. the test WE pin 233. the test 

REF signal 225, a test address signal 226. and a test data 45 address pins 216. and the test data mput pins 217. The pulse 

input signal 227, each having a pulse width about equal to widtii signals supplied to the test RAS pin 231. the test CAS 

the period t(CLK) of the internal clock signal 107. pin 232, the test WE pin 233, and the test address pins 216 

Thereafter, the test ACT signal 221, the test PRC signal 222. are decoded by means of the command decoder 240 to 

the test Write signal 223. tiie test Read signal 224. the test generate a decoded ACT signal 271. a decoded PRC signal 

REF signal 225. test address signal 226. and test data input so 272. a decoded Write signal 273, a decoded Read signal 274, 

signal 227 are supplied to the input synchronizing latch 242 and a decoded REF signal 275. 

inside the SDRAM core 104 by way of the two-to-one Then, by latching the decoded ACT signal 271, die 

selector 241. decoded PRC signal 272, the decoded Write signal 273. the 

As described above, in such a configuration, even if the decoded Read signal 274. file decoded REF signal 275, a test 

pulse widths of test signals supplied to the external test pins 55 s^nal supplied the test address pins 216. and a test signal 

210 from equipment such as a tester, are narrower than the supplied to the test data input pins 217. into the input 

period t(CLK) of the internal dock signal 107. the test synchronizing latch 251 in synchronization with the internal 

signals input from the external test pins 210 are immediately clock signal 107, however, it is possible to generate a test 

Mched in the input synchronizing latch 251 and converted ACT signal 221. a test PRC signal 222, a test Write signal 

into test signals having respective, longer pulse widflis. 60 223. a test Read signal 224, a test REF signal 225, a test 

allowing a stable SDRAM stand-alone test to be conducted, address signal 226. and a test data input signal 227 having 

Since there is no effect on signal paths in normal operation. respective pulse widths about equal to the period t(CLK) of 

high-speed operation of an interface with the SDRAM core the internal clock signal 107. 

104 is not lost As a result, in the sixth embodiment, even if the pulse 

Since a test signal from an external test pin is synchro- 65 widths of test s^nals supplied to the external test pins 210 

nized with the internal dock signal 107 when the test signal from equipment such as a tester are narrower than the period 

s input the operation of the SDRAM core 104 is delayed by t(CLK) of the internal clock signal 107. the test signals input 



